Introduction
Pterygium is characterized by encroachment of a fleshy fibrovascular tissue from the bulbar conjunctiva onto the cornea. Although previously thought to be a solely degenerative disease, 1 new evidence has demonstrated the role of cell proliferation and inflammation in the pathogenesis of pterygium. In addition to the data suggesting proliferative features of pterygium, 2-5 the role of inflammation has been proposed by revealing the increased levels of inflammatory cells and markers in pterygium, [6] [7] [8] [9] and also by the clinical data that steroids are beneficial in halting progression of impending recurrent pterygium. 10, 11 Many techniques have been developed for pterygium surgery over time. The simple method of removing the head and body of pterygium and leaving the sclera uncovered, the so-called bare-sclera technique, has been associated with high recurrence rates of 32-88%. [12] [13] [14] To reduce the recurrence rate after pterygium surgery with a bare-sclera technique, various adjunctive modalities have been used such as beta irradiation and chemical agents including mitomycin C (MMC), 5-fluorouracil, and thiotepa. 15 Furthermore, when removal of pterygium is accompanied with a graft, such as conjunctival autograft or amniotic membrane transplantation (AMT), lower recurrence rates have been achieved. [15] [16] [17] However, it remains unclear why the baresclera technique has poorer outcome with higher recurrence rates than other procedures.
One of the factors that may have a role in the outcome of pterygium surgery is postoperative conjunctival inflammation, treatment of which has been demonstrated to improve the final outcome. 18 It has been shown that persistent conjunctival inflammation around the surgical site after pterygium surgery is present in 31-84% of cases with AMT, [18] [19] [20] and in 15% eyes with conjunctival autograft. 20 However, the rate of such conjunctival inflammation after pterygium surgery with a bare-sclera technique is unknown. On the other hand, it has been suggested that higher recurrence rates after pterygium with AMT compared with conjunctival autograft may be due to this higher rates of postoperative conjunctival inflammation. 20 Therefore, it may be speculated that higher recurrence rates after pterygium surgery with a bare-sclera technique is partly contributed by higher rates of postoperative conjunctival inflammation.
To address the above-mentioned questions, this study was designed to evaluate the rate of postoperative conjunctival inflammation around the surgical site after pterygium surgery with a bare-sclera technique. In addition, the role of intraoperative steroid injection in this postoperative conjunctival inflammation and the final outcome was also investigated.
Methods
In this prospective randomized study, 54 eyes of 54 patients with primary nasal pterygium underwent surgical excision with a bare-sclera technique and MMC application. The sample size was calculated based on the mean recurrence rates reported by previous studies for bare-sclera technique with intraoperative mitomycin C application for primary pterygia, which were 2.7-38%. [21] [22] [23] [24] [25] To detect 10% difference, with a equal to 0.05 and the study power of 80%, at least 21 patients were needed in each group. However, a larger number of patients were included in both groups to compensate for potential loss to follow-up. Using a random-number table, the patients were randomized into two groups; one group received intraoperative injection of 12 mg triamcinolone acetonide (27 eyes, the steroid group), and the other group did not receive such a steroid injection during surgery (27 eyes, the control group). The protocol of the study was approved by Institutional Review Board of Farabi Eye Hospital, Tehran, Iran. Tenets of the Declaration of Helsinki were also followed throughout the study.
Before surgery and at all visits after surgery, each patient had a complete ocular examination including slit lamp photography, and measurement of best-corrected visual acuity and intraocular pressure. Preoperatively, morphology of pterygium was graded according to what was described by Tan et al. 21 In this grading, pterygia were graded as grade T1 (atrophic pterygium) in which episcleral vessels were un-obscured by the body of pterygium, grade T3 (fleshy pterygium) in which episcleral vessels were totally obscured, and grade T2 (those between grades T1 and T3) with partially obscured episcleral vessels.
Before surgery, details of the study were fully explained for the patients and all consented to participate in the study. All surgeries were performed by single surgeon under retrobulbar anesthesia. For surgery, the head and body of the pterygium were first removed by a similar technique in all patients, with resection of the body at 2 mm in front of plica semilunaris. This was followed by removal of subconjunctival fibrovascular tissue for 2 mm beyond the conjunctival edges, and polishing of the cornea by a diamond burr. After minimal cauterization of bleeding vessels, MMC was applied for 3 min both on the bare sclera and under the conjunctival edges by using pieces of Weck-Cel surgical sponge soaked in 0.02% MMC solution. After washing the eye surface with 100 ml of balanced salt solution, the conjunctival edges were sutured to the underlying episclera using interrupted 10-0 nylon sutures without conjunctival advancement. Finally, at the end of surgery, 12 mg of triamcinolone acetonide was injected subconjunctivally around the surgical site for patients in the steroid group. Patients in the control group did not receive any steroid injection intraoperatively.
After surgery, all patients received an identical regimen of a topical antibiotic for 2 weeks and tapering topical steroids for 3 months. The latter included 0.1% betamethasone four times a day for 1 month followed by 0.1% fluorometholone Â 4/day for 2 weeks, Â 3/day for 2 weeks, Â 2/day for 2 weeks, and Â 1/day for 2 weeks. Postoperative follow-up examinations were performed at 1 day, 1 week, 2 weeks, 1 month, and 3, 6, 9, and 12 months after surgery. Sutures were removed after 1 week postoperatively in both groups.
Presence of postoperative conjunctival inflammation around the surgical site was assessed at 1 month after surgery and graded as 0 (none), I (mild), II (moderate), and III (severe) as described before. 18 Eyes with grade 2 and 3 inflammation received subconjunctival injection of 12 mg triamcinolone acetonide. Postoperative outcome of pterygium surgery was reported using a grading system previously described. 13 This grading included grade 1 as normal conjunctiva at the surgical area, grade 2 as the presence of fine episcleral vessels without fibrous tissue in the surgical area, grade 3 as the presence fibrovascular tissue in surgical area but without invasion onto the Eye cornea (conjunctival recurrence), and grade 4 as true recurrence in which the fibrovascular tissue invaded onto the cornea (corneal recurrence). For eyes with grade 2 outcome, 12 mg of triamcinolone acetonide was injected subconjunctivally. Eyes with conjunctival recurrence of pterygium (grade 3) received either one single subconjunctival injection of 12 mg triamcinolone acetonide or two weekly intralesional injections of 5 mg 5-fluorouracil.
Statistical analysis was performed using SPSS version 16 (SPSS Inc., Chicago, IL, USA). Chi-square test and Student t test were used to compare qualitative and continuous quantitative variables, respectively, between the steroid group and the control group. P-values p0.05 were considered as statistically significant.
Results
Of 54 eyes included in this study, 12-month follow-up was completed in 48 eyes of 48 patients (36 men and 12 women) with a mean age of 41.8±11.6 years (range, 24-68 years). These included 23 eyes in the steroid group and 25 eyes in the control group. There were no statistically significant differences in age, gender, and grade of preoperative pterygium morphology between the two groups ( Table 1) . No intraoperative complication was noted in any eye in either group.
At 1 month after surgery, examination revealed conjunctival inflammation around the surgical area, most notably at the caruncular border, in 11 eyes (47.8%) and 14 eyes (56%) in the steroid group and the control group, respectively (P ¼ 0.39) ( Table 1 ). In the steroid group, grading of this postoperative inflammation included grade I (mild) in 5 eyes (21.7%), grade II (moderate) in 4 eyes (17.4%), and grade III (severe) in 2 eyes (8.7%). However, in the control group the inflammation was as grade I in 5 eyes (20.0%), grade II in 8 eyes (32%), and grade III in 1 eye (4%). Subconjunctival injection of triamcinolone acetonide was performed in 6 eyes (26.1%) and 9 eyes (36.0%) in the steroid and control groups, respectively (P ¼ 0.54). This injection resulted in resolution of the inflammation in all these eyes.
During the follow-up, grade 2 of postoperative outcome was observed in 1 eye (4.3%) and 3 eyes (12.0%) of the steroid group and the control group, respectively (P ¼ 0.33, Figure 1 ). This postoperative appearance was noticed at 3-month visit in all cases. One single subconjunctival injection of 12 mg triamcinolone acetonide resulted in regression of the fine vessels in all these 4 cases (Figure 1 ). Grade 3 outcome (conjunctival recurrence) was seen in 2 eyes (8.7%) of the steroid group and in 1 eye (4.0%) of the control group, with no statistically significance difference between the two groups (P ¼ 0.47, Figure 2 ). The recurrence was noted at 5 months postoperatively in one patient of the steroid group and at 6-month visit in 2 other cases. The eyes with conjunctival recurrence received either one single subconjunctival injection of 12 mg triamcinolone acetonide (one eye in steroid group) or two weekly intralesional injections of 5 mg 5-fluorouracil (two eyes, one in each group); none developed true corneal recurrence during the follow-up.
Surgical outcomes in various grades of conjunctival inflammation after surgery have been shown in Table 2 . In the steroid group, grade 2 or 3 outcomes were observed in 2 eyes (11.8%) of cases with none or mild inflammation, and in 1 eye (16.7%) of patients with moderate or severe inflammation that received steroid injection (P ¼ 0.62). In the control group, grade 2 or 3 outcomes were seen in 2 eyes (12.5%) of patients with none or mild inflammation, and in 2 eyes (22.2%) of cases with moderate or severe inflammation that received triamcinolone injection (P ¼ 0.46).
Pyogenic granuloma developed in 1 eye (4.3%) of the steroid group at 3 months postoperatively and in 2 eyes (8.0%) of the control group, both at 1 month after surgery (Table 1 ). All pyogenic granulomata were noted at the nasal border of the surgical area. In the control group, one eye had grade II conjunctival inflammation and a large pyogenic granuloma at 1 month postoperatively (Figure 2h ). Despite resolution of inflammation and (Figure 2i ). Increased intraocular pressure was noted in one eye in the steroid, which was controlled medically. No MMC-related complication was observed in any eye during 12 months of follow-up.
Discussion
This prospective randomized study showed that conjunctival inflammation was present in approximately half of the patients at 1 month after pterygium surgery with a bare-sclera technique and intraoperative MMC application. In addition to use of MMC, aggressive control of postoperative conjunctival inflammation with steroids resulted in a low recurrence rate of pterygium after surgery. However, intraoperative injection of triamcinolone acetonide did not significantly reduce the postoperative conjunctival inflammation or pterygium recurrence.
In our study, at 1 month postoperatively 11 eyes (47.8%) in the steroid group and 14 eyes (56%) in the control group had conjunctival inflammation around the surgical site, most notably at the caruncular border. Such inflammation has previously been reported after pterygium surgery with other techniques including conjunctival autograft and AMT. [18] [19] [20] Without intraoperative steroid injection, previous studies have showed rates of 15% or 31-84% for such postoperative conjunctival inflammation after pterygium surgery with conjunctival autograft or AMT, respectively. [18] [19] [20] The cause for such persistent inflammation and its varying rates after different surgical techniques are unknown. Although longer duration of suture stay had been speculated to be partly responsible for the higher rate in the AMT group, 20 this postoperative inflammation has also been observed with using fibrin glue instead of sutures for AMT, even though with lower incidence (21.4% vs 61.5%). 18 Intraoperative injection of triamcinolone acetonide in our study was associated with a lower rate of conjunctival inflammation at 1 month after surgery (47.8% vs 56%); however, the difference was not statistically significant (P ¼ 0.39). A previous Figure 1 Grade 2 outcome after pterygium surgery with a bare-sclera technique and intraoperative MMC application. An eye with grade T2 of pterygium morphology (a) in the steroid group developed fine episcleral vessels at 3-month visit (b). Subconjunctival injection of triamcinolone resulted in regression of the vessels with no recurrence of pterygium during 12 months of follow-up (c). An eye with grade T2 pterygium (d) in the control group showed grade 2 outcome at 3 months postoperatively (e). Regression of the vessels ensued after triamcinolone injection (f). retrospective non-randomized study also showed lack of the correlation between intraoperative triamcinolone injection and the conjunctival inflammation at 1 month after pterygium surgery with AMT. 18 Triamcinolone acetonide is an intermediate-acting steroid that has a duration of effect for 15-21 days in the conjunctiva. 11 As the inflammation was evaluated at 1 month postoperatively, it may be speculated that by that time the effects of the steroid might have already been worn off. This may explain the non-significant difference in incidence of the conjunctival inflammation between the two groups in our study. Usage of steroids with longer duration of effect may be more effective in suppressing such inflammation, even though they may be associated with higher rates of steroid-related complications. In our study during 12 months of follow-up after pterygium surgery using a bare-sclera technique with MMC application, conjunctival recurrences (grade 3 outcome) were noted in 2 eyes (8.7%) and 1 eye (4.0%) in the steroid group and the control group, respectively (Figure 2 ). These cases received subconjunctival injection of either 5-fluorouracil or triamcinolone, as described before, 10, 11 resulting in no corneal recurrence in either group during the follow-up. Surgery for primary pterygium using a bare-sclera technique with intraoperative MMC application and without intraoperative steroid injection has previously been reported to have recurrence rates of 2.7-38%. [21] [22] [23] [24] [25] [26] However, these studies have most commonly included only cases with corneal recurrence and not the conjunctival recurrence. The better outcome of our study may be attributed to the removal of subconjunctival fibrovascular tissue, 19, 27 and aggressive control of postoperative inflammation with steroid injection.
In the present study, intraoperative triamcinolone injection did not significantly reduce the recurrence rate compared with the control group (P ¼ 0.47). In one previous study on 51 patients with primary pterygium, surgery using a bare-sclera technique with intraoperative MMC application and subconjunctival injection of 20 mg depot steroid resulted in no recurrence during 4-14 months of follow-up. 28 However, no control group was included. On the other hand, it has also been demonstrated that treatment of 1-month postoperative conjunctival inflammation by steroid injection improved the surgical outcome of pterygium. 18, 20 Not only inadequate postoperative topical steroids have been associated with higher recurrence rates, 29 but one study also showed that in eyes with risk factors for recurrence (including conjunctival inflammation and granuloma Figure 2 Grade 3 outcome after pterygium surgery with a bare-sclera technique and intraoperative MMC application. An eye with grade T3 of pterygium morphology (a) in the steroid group had grade I conjunctival inflammation at 1 month postoperatively (b). The patient developed a conjunctival recurrence at 5 months after surgery (c). An eye with grade T3 pterygium (d) in the steroid group showed no conjunctival inflammation at 1 month after surgery (e). However, a conjunctival recurrence was observed at 6 months postoperatively that did not progress to the corneal recurrence after injection of triamcinolone (f). An eye with grade T1 pterygium (g) in the control group had grade II conjunctival inflammation and a large pyogenic granuloma at 1 month postoperatively (h). Despite resolution of inflammation and granuloma with triamcinolone injection, a conjunctival recurrence was noted at 6 months after surgery (i).
formation) postoperative subconjunctival injection of steroid leads to an improved surgical outcome. 11 Therefore, it seems postoperative steroid therapy tailored to the conjunctival inflammation has a more important role than intraoperative steroids do.
In the present study, grade 2 outcome developed in 4 eyes (8.3%), including 1 eye (4.3%) in the steroid group and 3 eyes (12%) in the control group (Figure 1) . Although the difference between the two groups seems to be clinically significant, it was not statistically significant (P ¼ 0.33), which may be due to the small sample size. The incidence and significance of grade 2 outcome after pterygium surgery have not been completely described in the literature. In addition, it is not clear whether such fine vessels will invariably progress to the conjunctival recurrence if left untreated. As a cautionary measure, all eyes with grade 2 outcome in our study received subconjunctival triamcinolone injection, which resulted in regression of the fine episcleral vessels in all cases (Figure 1) . Interestingly, in all these cases grade 2 outcome was noticed at the 3-month visit. None of the cases with grade 3 outcome, which were detected at 5-6 months postoperatively, had a prior grade 2 outcome. This may be due to the fact that in these cases grade 2 outcome developed at some point between the 3-month visit and the diagnosis of the conjunctival recurrence. Therefore, more frequent patient visits during this time period to detect and treat grade 2 outcomes might be a reasonable measure to prevent possible progression to the conjunctival recurrence. Further studies are required to determine the significance of grade 2 outcomes after pterygium surgery and its optimal management.
Correlation of the surgical outcome with the grade of conjunctival inflammation at 1 month after surgery revealed that the recurrence rates were comparable between those with grade 0 or 1 inflammation and cases with more severe conjunctival inflammation that has been treated with steroid injection (Table 2) . This was the case in both the steroid group and the control group. As the role of postoperative conjunctival inflammation in pterygium recurrence has well been documented before, 18 the data showed the beneficial role of treatment of postoperative inflammation in the final surgical outcome. Interestingly, one eye with moderate inflammation and large pyogenic granuloma at 1 month postoperatively developed conjunctival recurrence despite triamcinolone injection (Figure 2 , Bottom row). Cases with such exuberant postoperative reaction may need more aggressive anti-inflammatory and/or anti-VEGF treatment.
This study was performed in a prospective randomized fashion and patients in the two groups were similar in terms of age, gender, and more importantly, grade of pterygium morphology preoperatively. On the other hand, patients were followed for 1 year after surgery, which is long enough to detect the vast majority of pterygium recurrences. However, it is not sufficient to observe the possible complications of MMC, such as necrotizing scleritis or scleral melting and calcification, which may develop years later. 30 With these limitations in mind, our study showed that pterygium surgery with a bare-sclera technique using intraoperative MMC application and aggressive control of conjunctival inflammation resulted in a good surgical outcome with a low recurrence rate. There was no significant additional benefit of using intraoperative triamcinolone injection.
Summary
What was known before K After pterygium surgery with intraoperative mitomycin C application, conjunctival inflammation around the surgical site develops in 31-84% of cases with amniotic membrane transplantation and in 15% of eyes with conjunctival autograft.
K After pterygium surgery, treatment of conjunctival inflammation with steroids improves the final outcome.
What this study adds
K After pterygium surgery with a bare-sclera technique and intraoperative mitomycin C application, conjunctival inflammation around the surgical site develops in 48% or 56% of cases with or without intraoperative steroid injection, respectively.
K Intraoperative triamcinolone injection does not significantly reduce postoperative conjunctival inflammation or pterygium recurrence.
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1.
Your patient is a 45-year-old male with a primary nasal pterygium. You are contemplating pterygium surgery with bare-sclera technique and mitomycin C (MMC) application. Based on the prospective randomized study by Dr. Kheirkhah and colleagues, which of the following statements about the effects of intraoperative triamcinolone injection on postoperative conjunctival inflammation is most likely correct?
A A significantly lower proportion of eyes in the steroid group vs the control group had conjunctival inflammation at 1 month postoperatively B Moderate or severe postoperative inflammation for which subconjunctival triamcinolone was injected occurred in about 26% of the steroid group and 36% of the control group C There was a highly statistically significant betweengroup difference in moderate or severe postoperative inflammation for which subconjunctival triamcinolone was injected D During follow-up, fine episcleral vessels without fibrous tissue in the surgical area occurred in significantly fewer eyes in the steroid group than in the control group
2.
Based on the prospective randomized study by Dr. Kheirkhah and colleagues, which of the following statements about the effects of intraoperative triamcinolone injection on pterygium recurrence is most likely correct?
A Conjunctival recurrence of pterygium occurred in 2 eyes in the control group and in 1 eye in the steroid group B The between-group difference in conjunctival recurrence of pterygium was statistically significant C Corneal recurrence of pterygium occurred in 2 eyes in the control group and in 1 eye in the steroid group D Aggressive control of postoperative conjunctival inflammation with steroids resulted in a low overall recurrence rate of pterygium after surgery 
